Sound reduction strategies in the neonatal intensive care unit (NICU) must focus on the sources of excessive sound. We studied the relative contribution of personnel conversation and heating, ventilation, and air conditioning (HVAC) airflow by measuring several parameters of sound during four environmental conditions: unaltered ambient sound, HVAC airflow off, HVAC airflow and conversation off, and conversation off. All measurements were decreased by interrupting HVAC airflow and conversation. The reduction was greater when conversation was stopped. The method of sound reduction did not change the frequency distribution of sound. Attention to personnel conversation may be effective in lowering sound exposure in the NICU. The contribution of HVAC airflow should be measured in new constructions and renovations.
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Sound reduction in the neonatal intensive care unit (NICU) is desirable to decrease stress on infants and caregivers. We have previously presented a sound measurement protocol for the NICU. 1 This protocol measures overall ambient sound, which provides an assessment of the sound environment but does not allow quantitative definition of the relative importance of various sound sources. There are several articles describing the sources of discrete sounds [2] [3] [4] [5] in intensive care units, and some suggest that personnel conversation is the prime contributor to excessive sound levels. [5] [6] [7] [8] Another obvious sound source is the heating, ventilation, and air conditioning (HVAC) airflow in these units, which is required to be quite brisk. To plan a strategy for sound reduction in our NICU, we measured various sound parameters as we manipulated HVAC airflow and conversation.
METHODS
This study was conducted in one room of the NICU at Pitt County Memorial Hospital. This rectangular room (51 ϫ 27 ft) has 12 bed locations placed around the perimeter of the room. Two islands, used as workstations, are located in the center of the room, and three doors provide access to the unit. The ceiling consists of nonacoustic tiles, the walls are made of painted sheet rock, and the floor is concrete with a ceramic tile covering. Sources of sound in this room include HVAC airflow, audible monitor alarms, intercom paging, printers, telephones, personnel conversation, door closings, and equipment noise. The HVAC airflow to this room is periodically turned off for maintenance work. At the time of this study, no sound reduction procedures had been instituted. About half of the infants are cared for in enclosed incubators and half in open beds with radiant overhead heating.
Recordings were performed on 3 days between 14:30 and 15:15. This time was chosen for convenience. Previous studies indicated that sound levels during this time period were consistent with the 24-hour sound profile. 1 Sound dosimeters were suspended from the ceiling in two locations at opposite ends of the NICU, with the microphones at a height of 195 cm to avoid interfering with staff activities. Dosimeter measurements at this height in this room are similar to recordings made at the level of the infant's ear. These measurements do not represent the exposure of the infant inside an enclosed incubator.
Three measurement strategies were used. To compare our data with recommendations for NICU noise limits, 1 we measured L EQ . L EQ is a time integration of the sound pressure level, representing the sound pressure that, if kept constant over the measurement period, would equal the average of the variable sound pressure levels measured during that period. L EQ measurements were made using the A filter and slow response time (1-second averaging) as previously recommended for the NICU. 1 These measurements are expressed in decibels, A weighting (dBA).
To study shorter duration sounds, which may be more responsible for acute physiologic changes, we measured the L PEAK and shorter duration L MAX . L PEAK measurements represent the highest, unweighted, instantaneous sound pressure level (within the range of 70 to 110 dB) occurring during that measurement period. Unweighted L PEAK is the standard for Occupational Safety and Health http://www.stockton-press.co.uk
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Administration recommendations. L MAX , in this instance, was measured using C frequency weighting (similar to nonweighted measurements between 50 and 5000 Hz) due to the equipment design and fast response time (125 msec averaging) and is referred to as L MAX-fast . These measurements were made simultaneously for 5-minutes at 10-second intervals (30 samples).
To determine changes in the frequency distribution of sound, we performed frequency analysis using a 1/1 octave filter. These measurements were unweighted using the fast response time. The frequency analysis was performed on 1 day, with the sound level meter microphone suspended at one of the previously mentioned dosimeter positions. The meter automatically cycled through the frequencies four to six times.
All measurements were made in the following sequence, with each condition lasting 5 minutes: unaltered ambient sound, HVAC airflow off, HVAC airflow and conversation off, conversation off. There was no change in the environmental temperature while the HVAC airflow was off. There was no conversation at all in the room during the conversation off periods.
All sound equipment was purchased from Quest Technologies (Oconomowoc, WI). L EQ , L MAX , and L PEAK were recorded using noise dosimeters (model Q-100). The frequency analysis was performed using an octave filter (model OB 300) attached to a sound level meter (model 2900). The instruments were calibrated before each measurement sequence using an acoustic calibrator, model QC-10, according to the manufacturer's specifications.
Data were analyzed using analysis of variance (ANOVA). Figure 1 presents the box plots of all measurements during the four environmental conditions (i.e., ambient sound, conversation off, HVAC airflow off, and conversation and HVAC airflow off). In each case, turning conversation or HVAC airflow off caused a reduction in sound level, with the exception of L PEAK , where HVAC airflow off had little effect. To analyze whether these apparent reductions were statistically significant and to control for the variables day and location, ANOVA was performed. Table 1 (A-C) presents the ANOVA for each measurement method with respect to the following variables: conversation, HVAC airflow, day, and location. Each of these factors is statistically significant with regard to the L EQ measurements (Table 1A) . L PEAK (Table 1B) is unaffected by location but varies with conversation, HVAC airflow, and day. L MAX-fast (Table 1C) varies with day, location, and an interaction of conversation and HVAC airflow. The variable labeled conair was created because the interaction term was statistically significant. Including conair is equivalent to including the variables conversation and HVAC airflow plus their interaction term. Table 2 (A-C) presents the reductions in dB related to stopping conversation or HVAC airflow, after adjusting for day and/or location. These reductions are obtained from the ANOVA model. All measurements show a larger reduction by stopping conversation than by stopping HVAC airflow. The ANOVA model shows that stopping conversation reduces L EQ by 2.5 dBA and turning off HVAC airflow reduces L EQ by 2 dBA (Table 2A) . The interaction term for the variables conversa- tion and HVAC airflow was not significant in the models described in Tables 2, A and B, so the effects are roughly additive. L PEAK is reduced by 2 dB by stopping conversation and by 1 dB by stopping HVAC airflow. For L MAX-fast , the interaction between conversation and HVAC airflow was significant; the effects of these variables are summarized in Table 2C . For each of the models, conversation and HVAC airflow were highly significant, as was the interaction term for the L MAX-fast model (all p values Ͻ 0.005). Figure 2 shows the sound frequency distribution during the four experimental conditions. To analyze these data, we used an ANOVA model with the main effects being HVAC airflow, conversation, frequency, and first order interaction terms between these variables. Frequency is a categorical variable with levels high and low. Low frequency is defined as Յ250 Hz midfrequency. In this study, the maximum decrease in sound pressure level when the HVAC airflow was cutoff was at 250 Hz midfrequency. Although there is some evidence that turning off the HVAC airflow has a greater impact at low frequencies, and that turning off conversation has a greater impact at high frequencies, the results are not statistically significant. Additional data would be needed to make statistical inferences at specific frequencies.
RESULTS

DISCUSSION
During this measurement period, the ambient L EQ averaged 55.8 dBA. This exceeds the hourly L EQ recommendation of 50 dBA. Eliminating the sound produced by conversation and airflow results in a 4.5 dBA reduction, which still exceeds this recommendation. However, this NICU is an older construction lacking modern sound attenuation construction characteristics. Doubtless, decreasing the sound produced by conversation and airflow would lead to acceptable L EQ levels in many units.
There have been several intervention studies that may have affected conversation. Strauch et al. 9 implemented a 1 hour per shift quiet period in a newborn "developmental" unit, which included whispering at the bedside and the exclusion of physician rounds. They measured a 6.1-dB decrease in sound levels and an increase in infant sleep time. Elander and Hellström 10 instituted an education intervention with an emphasis on conversation as a noise source. This intervention led to a decrease in the number of conversations and to an 8-dB decrease in the mean sound level outside the incubator and no significant decrease inside the incubator. Cooper-Peel et al. 11 measured the effect of a "whispering intervention" program and showed that decreasing conversation levels has little effect on the sound levels inside incubators. This study shows a significant decrease in open room sound levels when conversation is eliminated and verifies the efficacy of this type of intervention in periodically decreasing excessive sound.
There are few published measurements of the effect of HVAC airflow interventions. A study by Aitken 12 showed that turning off the air-conditioning units in four-and six-bed surgical ward rooms decreased the sound level by 2.5 and 10.5 dBA. The magnitude of this change and that found in our study show that careful attention should be paid to HVAC airflow noise. This factor should be measured in all new constructions before they are deemed acceptable. The standards commonly used by engineers are published by the American Society of Heating, Refrigerating, and Air-Conditioning Engineers, Inc. 13 For hospitals and clinics, the room criterion level varies from 25 to 40 dB, the lowest specification being for private rooms at 25-35 dB. The room criterion level, which is an average of octave band sound pressure levels at midfrequencies of 500, 1000, and 2000 Hz, is charted on a room criterion curve, which is a graphic representation of allowable sound levels at varying frequencies. The room criterion level should also be used for renovations, and excessive airflow noise levels should be corrected when possible.
Further studies are needed to assess the contribution of other sound sources and the effect of interventions to implement sound reduction strategies that are practical. Berens and Weigle 14 have shown that sound-absorbing ceiling tile, as a single intervention, was ineffective in their NICU. Carpeting is undoubtedly an effective sound reduction intervention, but no documentation of this effect in a NICU has been published. 
